Abstract-Actin filament, one type of cytoskeletons, plays a central role in mediating cellular in responses to mechanical loading. Many mechanorgulation studies are restricted to 2D models using isolated cells or monolayer cultures, even though it is know that cells behave differently in term of cell morphology, cell matrix adhesion composition and matrix mediated force transmission when they are in 3D configuration. This current study investigates the temporal change of actin network of hMSCs entrapped in 3D collagen construct upon cyclic compression. Human bone marrow mesenchymal stem cells were encapsulated in cylindrical collagen construct. A micromanipulator based loading device coupled to fluorescent microscope was used to deliver compression loading to the construct with 10% strain at 1Hz for different period of time. Rhodamine phalloidin was used to stain for the actin filament network to hMSC in the construct at different time points postcompression. An optimized loading protocol with 5hrs of continuous loading was delivered. Actin network concentrated at the cell periphery of cells exhibiting round morphology was observed immediately while elongated and polarized actin network was found after 24 hours . Detailed characterization of actin filament organization and their association with cell-matrix interaction molecules are warrented before the mechanisms of compression-induced hMSC alignment can be delineated
INTRODUCTION
Actin filaments, together with microtubules and intermediate filaments constitute the three types of cytoskeleton and forming a tensegrity structure [1] - [2] , playing central roles in cellular mechanoregulation. Actin filaments can participate in different cellular events, such as cell migration, proliferation, morphological changes and differentiation. They can reorganize in response to mechanical loading [3] . Reorganization of the actin filament network depends on the balance between the polymerization and depolymerization of actin filament with its monomer G-actin and the participation of actin binding proteins such as Arp2/3 [4] and actin depolymerization proteins such as cofilin [5] . Actin filaments, together with actin binding proteins, are important for different cellular events.
Many mechanoregulation studies are restricted to 2D models using single cells or monolayer cultures. However, in native tissue, cells are residing in three dimensional extracellular matrix. Cells behave differently when they are cultured on two dimensional monolayer or when cultured within three dimensional extra-cellular matrix [6] . For example, fibroblasts can realign perpendicular to the loading direction in 2D model [7] whereas they will realign parallel to the loading direction in 3D models [8] . Transmission of force in 2D culture is also different that in 3D models. These suggest that results of 2D cultures may not be translatable to the 3D models. Mechanoregulation is the study of "how cell senses mechanical signals and transduces into cascade biochemical signals ultimately leading to a host of biological response" [9] . Our previous study has demonstrated that hMSCs culture in three dimensional type I collagen construct can respond to cyclic compressive loading and realign parallel to the loading direction after 7 days compression [ref] . In order to further investigate the mechanism of such compression-induced hMSCs alignment response, the aim of this study is to investigate the temporal changes of actin network of hMSCs under compressive loading.
This study contributes to designing bioreactor loading protocol of hMSCs based functional tissue engineering.
II. METHOD
A. Fabricatoion of Three dimensional hMSCs collagen construct Procedures for fabricating the 3D hMSCs collagen construct were described previously [10, 11] . Briefly, rat tail type I collagen solution (BD Biosciences) was neutralized with sodium hydroxide (Sigma-Aldrich) and mixed with hMSCs suspended in culture medium (DMEM-LG, supplemented with 10% FBS and 100U/mL penicillin and 100ug/mL streptomycin and 2mM glutaMax) at a final collagen concentration of 2mg/ml with a final cell density 1x10 6 cell/ml. 30ul of hMSCs collagen aliquots were transferred to a custom made cylindrical chamber and incubate for 60mins for gelation. The construct were cultured as free suspension state for 4 days before compression.
B. Optimization of loading protocol
Cyclic compression was performed on constructs through using the custom-made micromanipulator-based loading system as illustrated in fig. 1 and fig. 2 [11] . Briefly, hMSCs Collagen constructs were transferred to a 2 compartment dish, which was placed onto a heatplate pre-warmed to 37 o C. Positions of the constructs were adjusted thickness of the constructs can be measured. The loading program was set with preloading at 10% strain and then compression loading for another 10% strain at frequency 1Hz. In order to further optimized our previously established consecutive loading protocol [9] , continuous loading for 5 hours was examined. During the compression, medium was changed every 2 hours. The constructs were fixed immediately by 4% PFA, 12 hours and 24 hours after compression. The fixed constructs were rinsed by 1x PBS to wash out excessive PFA and equilibrated with into 30% sucrose before preparing 15μm cryosections for fluorescent staining.
C. Fluorescent staining of actin filament
Briefly, sections were first washed in 1x PBS thrice and incubated by 0.1% Triton X-100 for 5mins. Non-specific binding was blocked by 1% BSA (Sigma-Aldrich Co.) for 30mins.
Rhodamine Phalloidin (Molecular Probes, Inivitrogen) at a concentration of 165nM was used to stain the actin filament for 40mins and DAPI (Molecular Probes, Invitrogen) was used to counterstain the nuclei. Excessive dyes were washed with 1X PBS thrice before mounting the section by fluorescent mount medium (DAKO). All images were obtained by an inverted microscope (EclipseTE2000-U) equipped with Epi-Fluorescent unit (Nikon).
D. Live and dead staining
hMSCs collagen construct were washed in 1x PBS thrice and followed by incubating with ϮʅD Ăůcein AM and 4Ȃm Ethidium homodimer-1 (Molecular Probes, Invitrogen) for 45mins to stain for the live and dead cells. Stained constructs were rinsed with 1xPBs thrice to remove excessive dye.
III. RESULT

A. Temoral change of actin organization upon 5 hours
compression Actin organzation in the cotnrol, without compression group was elongated, giving the cell bipolar shape with long extension as shown in fig. 3A . Immediately after 5 hours compression, actin organziation change from this elongated shaped to a smaller and round shape actin netowrk, resuting in in less cell extension ( fig. 3B ). After 12 hours post compression, although some of hMSC with round like actin organizations were observed, some of the actin structure has been recovered, leading to a less rounded, more polarized or stellate shape cell morphology ( fig. 3C ). After 24 hours post compression, the actin organizations were similar to 12 hours post compression group, but with a longer extension, giving a bipolar and polarized cell morphology similar to hMSCs in control group.
B. Live and Dead staining
As shown in fig. 6A and B, both the control group and the 5 hours compression group showed high cell viability. Although the staining were performed for the whole construct rather than sectioned slides, the large proportion of live cell (green color) compared to dead cells (red colored dot) suggest that prolonged and continuous for 5 hours would not compromise cell viability.
IV. DISCUSSION
Before compression, the actin organization was elongated, giving bipolar cell morphology. Immediately after compression, actin organized to give round cell morphology. Actin filaments are bundles forming pre-tensioned stress fiber [12] , which connecting between integrins anchoring onto the collagen fibril. These pre-tensioned stress fibers are important for the cell morphology. Breakdown of stress fibers by cytochalasin D drug treatment would cause collapse of the cell [12] . During compression, cells were deformed. The change of the actin organization and hMSCs morphology may be due to fig. 3B there are strong actin staining concentrate at the cell periphery. And after 24 hours, actin network recovered to a more polarized shape as seen in fig. 3D , with some of the hMSCs align parallel to the loading direction. These may suggested that the immediate effect of the compression on the actin dynamics and actin network will be kept modified even after loading. When cells culturing on monolayer migrated, nucleation of actin and branching of the actin filament were occurred at the cell lamellopodia which leaded to the push out of the cell membrane and thus the migration. In our model, the breakdown of the actin network and the highly concentrated actin at the cell periphery may indicated that the actin network is modified at this state, hMSCs was under morphological change or migration, which lead to the polarized shape as seen in 24 hours post compression group. 
